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22? ?k ° Cnta r? rs ' md more Particularly, beverage containers. More particularly, the present invention re- 

by" Icu^o L^ZT T r* ^ ha,e inc,udin9 3 layer of po * ethylene ,erephlhab,e - cha "^ 

Dy the inclusion of a gas barrier layer which is well suited for holding carbonated beverages 

The phenomenal growth in the use of plastic containers to hold foods, household aids and the like evidences its 

bonated beverages has been part^ularly noteworthy. The reason for this commercial success has been ascSd toThe 

E 1 T " th ' S aPP,iCati0n ' terephthatete (PET). PET, when biaxial* oriented pScel a 

bottle whose advantages .nclude low cost, light weight, durability, rigidity and clarity. 

in^fl^h 130 "', 6 IT" 5 there,r ° m ' h ° WeVer ' iS charac,erized ^ one major detrimental property which is important 

TZte ^STr^ ^ detrimental Pr ° per * is *» pemeab i Calnated bevels 

t^Z h P .1 T ' h ° main,enance °* a ret ) ui srt9 concentration of carbon dioxide gas pressure to maintain the 
carbonated qualr* of the beverage. However, a bottle formed solely of PET permits loss of Lbonafcn braise his 

kS^SSS^^ ^ mUoduCt,on of ox V9 en - degrades taste. However, long shelf life, that 

Lmntl^ <*rbonat,on over long penods of time, represents a major problem associated the use of PET bottles 
employed to contain carbonated beverages. 

Indeed gas permeability has prevented the widespread use of low volume PET carbonated beveraqe bottles albeit 
a least! Irter of ^carbonated beverage. This, of course, is dueto the re.atbnship between beverage volurnHnd tt^S 
3TS ^ , ThS 9fea,er b6Vera9e V °' Ume ' the 9feater is ,he ' a,i ° ° f bev <^ ^^ZeTo surface a S 

«. a nt An |1 ° bVi0US SOlU !!° n °' tNs Pr ° blem is 3 ,amina,ed which includes a layer of a resin having little or sub- 

stantially no permeab.lrty to gases, that is, a gas barrier layer. Indeed, a plurality of references IcIoTe PET Li« 

iSeTs^P^ 

include U S. Patent 4,284,671 to Cancio et al.; U.S. Patent 4,482,586 to Smith et al.; U.S Patent 4 564 541 to Taira et 
al.; U.S. Patent 4,601 ,926 to Jabrin et al.; and U.S. Patent 4.618,386 to Yatsu et al 

cHed^sThe^oSS S 25? "I ^ * **** ^ ^ ^ ° ther re,erences ba 

citea is we complexity of the lam.nate structure requ.red to eliminate gas permeability of PET-containina bottles This 

complexly ,s manifested by preferred embodiments mentioned therein whteh include at leas, * 
The requirement in many of these references that the laminate include at least five plies is caused bv the non-com 

plat.cn of the these patents requ.res that the gas barrier layer be bonded, on both sides, with an adhesive which in urn 
is bonded to an inner layer of PET and to an outer layer which may be PET or the like 

A preferred gas barrier layer used in many of these references is a polar resin, i.e polyvinylalcohol (PVOH1 or 

resin^Zpai^ * TTr ** disadvante 9 e b V ble "*9 «he gas barrier resin with a 

ever SSSSSlL^ t ^ P " eS C3n b ° fedUCed ' This expedient fe certain| y advantageous. How- 

2225 SSoSTJI? 5 Pre,erred9a8 barrier ' 9sins are P° lar Specifically, as stated above. J, 

^d^ny.a.coho.^ntalning polymers are incompatible with rSfen JSJS £ Joo^SSSS 
ESS™ eVe " ' emP ' 0yed " ^ ^ PET «™- ba -VCed to produce new S?SSS 
hon.? 6 31,076 P^0 1 bl !T• associated with ,he development of a PET-containing laminate plastic carbonated beveraoe 

moderate to high gas barner propert.es. are the so-called "phenoxy-type" thermoplastics A specific class of such ool 
ymers ,ndud,ngpofy(h^ 

et al.. Polymer Prepnnts . 34(1 ). 904-905 (1 993). These phenoxy-type thermoplastics are recited there^ toteve qS 
oxygen barner propert.es combined with exce.len, mechanical properties. The paper indites thalsuch pojme^ 
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be fabricated into films and containers. However, no suggestion is given in this reference of utilizing such polymers with 
thermoplastic polyesters in general or PET bottles in particular. 

The above discussion suggests the need in the art for an improved laminate structure which can be utilized to make 
bottles holding small volumes of carbonated beverage which are easy to fabricate, eliminate carbonation loss, are char- 
5 acterized by the excellent properties associated with PET bottles presently used in the formation of large volume car- 
bonated beverage bottles and employ compatible resins which are capable of being recycled. 

A iaminate has now been developed which permits the retention of the excellent physical properties associated with 
PET but which is characterized by excellent resistance to gas permeability without the attendant processing requirements 
associated with the formation of laminates of more than three layers. The laminate of the present invention is furthermore 
10 recyclable because of the compatibility of the resins used therein. 

In accordance with the present invention a three-ply laminate is provided which includes a first layer of a phe- 
noxy-type thermoplastic, a second layer of an amorphous thermoplastic copolyester and an third layer of PET 

In further accordance with the present invention a two-ply laminate is disclosed. This laminate comprises a first 
layer of a composition which includes a phenoxy-type thermoplastic and an amorphous thermoplastic copolyester and 
15 a second layer of PET. 

The present invention will be better understood with reference to the following drawings of which: 

Figure 1 is a cross -sectional view of a two-ply laminate of the laminate structure of the present invention; 
20 Figure 2 is a cross -sectional view of a three-ply laminate of the laminate structure of the present invention; 

Figure 3 is a cross-sectional view of a plastic preform utilizing the laminate of Figure 1 ; 
Figure 4 is a cross-sectional view of a plastic preform utilizing the laminate of Figure 2; and 

25 

Figure 5 is a cross-sectional view of a bottle made from a preform of either Figure 3 or 4. 

The present invention is directed to a two- or a three-ply laminate, one layer of which is polyethylene terephthalate 
(PET). Turning first to the three-ply laminate of the present invention, that laminate includes a first, usually an outer, 
30 layer of a phenoxy-type thermoplastic. Phenoxy-type thermoplastics within the contemplation of this invention include 
poly(hydroxy ethers), poly(hydroxy ester ethers) and poly(hydroxy amino ethers) having a high degree of polymerization. 
Preferred embodiments of these phenoxy-type thermoplastics are characterized by the repeating structural unit 

{O - CH 2 - CHOH - CH 2 - R - CH 2 -CHOH - CH 2 - O - R 1 } I 

35 where R is 
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)N-CH 2 -CH 2 OH 

OR 

-O- 

and 

R-, is 




or 



XT 

and 

It is noted that no number of repeating units is provided in repeating structural unit I. Suffice it to say, there is no 
lower limit to the number of repeating structural units beyond the requirement that the polymer be of high molecular 
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weight. It is particularly preferred, however, that there be at least about 50 repeating units. 

Of the three preferred classes of phenoxy-type thermoplastics within the scope of the present invention, the class 
of poly (hydroxy amino ethers) are particularly preferred. Two preferred species of homopolymers within this preferred 
class of poly (hydroxy amino ethers) include those having the repeating structural unit I where R is 

N 
I 

CH 3 CH a 0H 



in one case and 



in the other. In both homopolymers R 1 is 



In addition to the above homopolymers a specific preferred copolymer of a poly(hydroxy amino ether) is one having 
the repeating structural unit 



-^0 -CH 2 -CH0H - - \^J* " Cr^-CHOH - °^~^>% 75 

CH 3 CH 3 

4-0 - CH 2 - CHOH - CH ? - yN - Ch^ - CHOH - Ch^ - 0 c ^ ^ q7^ 



II 

Of the three above preferred species of this particularly preferred class of poly(hydroxy amino ether) thermoplastics, 
the homopolymer which has the repeating structural unit I, where R is 

-N- 
I 

CH a - CH*OH 

and 
R1 is 

CH, CH, 

XX'Xk 

In the alternate embodiment wherein the phenoxy-type thermoplastic is a poly(hydroxy ether), that thermoplastic 
has the repeating structural unit I where R is 
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10 



XT 



15 



In another preferred embodiment of the phenoxy-type thermoplastic, the thermoplastic is a poly(hydroxy ester ether) 
having the repeating structural formula (I) where 
Ris 



20 



O 



and 



R1 




O 
II 

c — o 
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HX ^CH, 



A second component of the three-ply laminate is a second, usually an intermediate, layer of an amorphous, ther- 
moplastic copolyester Preferably, this polyester is the amorphous transparent polymer poly(1 ,4-cyclohexylenemethyl- 
ene)terephthalate-co-isophthalate. Poly(1 ,4-cyclohexylenemethylene)terephthalate-co-isophthalate is formed by re- 
placement of part of the ethylene glycol in PET with cyclohexanedimethanol. Additionally, some terephthalic acid is 
replaced with isophthalic acid to produce this novel amorphous copolymer, which, as will be discussed below, has the 
useful property of being injection moldable. 

A particularly preferred embodiment of the poly(1 ,4-cyclohexylenemethylene)terephthalate-co-isophthalate is a co- 
polyester having a glass-transition temperature (T g ) of about 81 °C, as determined by differential scanning calorimetry. 
This preferred embodiment has a number average molecular weight of about 28,000. 

The third and final ply of the preferred three-ply laminate embodiment of the present invention is a third layer, usually 
an inner layer, of polyethylene terephthalate which, as indicated earlier, is denoted as PET. The PET within the contem- 
plation of the present invention includes polymers wherein at least about 97% of the polymer contains the repeating 
ethylene terephthalate unit 



-E 



OCH 2 CH 2 OC 




III 



The remainder of the polymer, if present, is minor amounts of ester-forming components. PET, within the contemplation 
of the present invention, also includes copolymers of ethylene terephthalate wherein up to about 10 mole percent of the 
copolymer is prepared from monomeric units of diethylene glycol, propane-1 ,3-diol, butane- 1 ,4-dioI, polytetramethylene 
glycol, polyethylene glycol, polypropylene glycol, 1 ,4-hydroxymethylcyclohexane and the like, substituted for the glycol 
moiety in the preparation of the copolymer, or isophthalic, bibenzoic, naphthalene 1 ,4- or 2,6-dicarboxylic, adipic, se- 
bacic, decane-1 ,10-dicarboxylic acids and the like substituted for the acid moiety in the preparation of the copolymer. 

As indicated above, the laminate structure of the present invention may be, alternatively, two-ply. The two-ply lam- 
inate of the present invention is distinguished from the above-discussed three-layer laminate by replacing the first and 
second plies of the three-ply laminate, i.e. the phenoxy-type thermoplastic polymer layer and the amorphous poly(1 ,4-cy- 
clohexylenemethylene terephthalate-co-isophthalate) layer, with a single ply of a composition which includes one of the 
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phenoxy-type thermoplastics defined above and an amorphous copotyester layer. 

The preferred species of the phenoxy-type thermoplastic and the amorphous copolymer employed in the compo- 

preferred m the three-ply laminate of the instant Mention. Thus Jt is preferred that the phenoxy-type mermoplastfc have 
TUSH Z J MOr9 Pre,9rab,y - th9 """""HW* thermoplastic component o. meZJosition oTtheto ply 
tamnte s a polyfhydroxy am.no ether) having the structural formula I. Still more preferably, thepolyfhydroxy amino 
ether) of the composite of the two ply laminate has the structural formula I where R is 



N - 
I 

CH a - CH a OH or 



-o 



and R 1 is 



CH,^ CH, 

,1 JSSf* ? S ^^^^yester component of the composition ply of the two ply laminate is preferably poly 

ZS!2EZ • 38 tefmined ^ dtf,efentbl Cal ° rimetry - and 3 nUmber averageLlecuter 

whic^nnSr S^^? 6 ?^^ 81, USUally ° U,er ' layer ° f the ,W ° P ' y ,amina,e com P rises a P^^eric composition 
wh.ch includes between about 50% and about 90% of the phenoxy-type thermoplastic and about 1 0% to about 50% of 
the amorphous copolymer polymer, said percentages being by weight, based on the total weight of the composition 

L Z^XT* P TT P C 18 Pre8en, in 3 concen,ra,io " the ^9e of between about 50% andabout 70% and 

%L J^Z . .T* T T . l 0mPfiSeS be,W8en ab ° Ut 3 ° % and ab0Ut 50% ' said Percentages again being by weight 
based on the total weight of the composition. y ma ' H " 1 ' 

m « u A h'i h Z h a 7 S,andard ble " din 9 rne,hod t0 ^"e Phenoxy-type thermoplastic and amorphous copotyester 
may be utilized it is preferred that these polymers be mixed together in a static mixer. 

thr Jnl ™kS USU f "IT? f ' PV °' ^ tW °" Ply ' aminate °' 106 present invention is ide " tical t0 inner ply in the 
three-ply embod.ment of the laminate structure. That is. the second ply is polyethylene terephthalate 

,n Jit!* .If ? d ° ^ WiSh ,0 b8 b ° Und by any ,he0ry explainin 9 lhe W*" °< ^eir invention, they 
If £T° ,P T C °P° | y es,er ' ^ed as a " intermediate layer between the phenoxy-type thermoplastic 
layer and the PET layer in the three-ply laminate embodiment, is compatible with and thus adheres to both of these 
pl.es. The two layers that constitute the two-ply embodiment of the present invention adhere to each other it is theorized 
pnmanty because of the compatibility and. therefore, because of the bond formed between the copolyes t coSES 
of the f .rst, outer layer polymeric composition and the PET of the second, inner layer 

,h,rrf^ hIT ^ ,efmS " inner " ^ " OUter " have been used to "^P'ement the recitation of first and second or 
It r: 9 W °- and three - ply ,aminate s,ructures <* present invention is because, in a preferred embod- 
oTnrl ! , T 1 ™ 8, thSy in Cy ' indriCal Shape pfe,erabl * ,he lamina, e structure is in the form 
il,n ?f2E f k I 8 ^° Se Ski " ed me art afS 8Ware ' iS 8 S,nJC,ure that ^en expanded in a mold can be formed 

mto a useful fabncated art.c.e such as a bottle. Still more preferably, the laminate structure is. indeed, in the form of a 

i?o Irf^h te ^! h 3 0X 0 5 ' ls de P'cted in cross-section in Figure 1 . The cylinder 5 includes a first, outer layer 
layeM S^PeT ™ ' Phen ° Xy " tyPe Aplastic and an amorphous copotyester bonded to a second, inner 

i.lustite E^nl Iami r na,e iS d6PiCted in Cross " sec,ion in R 9 u re 2. The cylinder 7 is again employed to 

SS?JS ? ,amlnate 1 ,nsofar as an """^ laminate represents a preferred embodiment of the three-ply lam- 
inate of the present .nvent.on. It .ncludes a first, outer layer 1 30 of a phenoxy-type thermoplastic resin. The cylindrical 
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laminate 7 includes a second, intermediate layer 140 bonded to layer 130. The layer 140 comprises an amorphous 
copolyester resin. Finally, cylinder 7 includes a third, inner ply 150 which is, as in cylinder 5, a PET resin. 

The preferred embodiment wherein the two-ply laminate is in the form of a plastic preform is illustrated at 100. The 
preform 100 includes an outer layer 111 of the phenoxy-type thermoplastic-amorphous copolyester polymeric compo- 

s sition and an inner layer 121 of a PET resin. 

As explained in U.S. Patent 4,942,008 to Cahill, incorporated herein by reference, a preform may be designed, as 
illustrated herein at 100, for conversion into a carbonated beverage bottle. As such, the preform 100 is a two-ply laminate 
which includes an outer layer 111 of the polymeric composition, equivalent to the layer 110 of the two-ply laminate 5, 
and an inner layer 121, equivalent to the layer 120 of the two-ply laminate 5, of PET Typical of the laminate preforms 

10 of the prior art, illustrated by U.S. Patent 4,942,008, the preform 100 includes bottom and neck portions 114 and 116, 
respectively, which are not laminated but are, rather, totally formed of the PET inner layer resin. As shown at 124, one 
or more threads may be provided in the neck portion 116 to accommodate a bottle cap after preform 100 is expanded 
to form a bottle as discussed below. This design is also in accordance with the teaching of U.S. Patent 4,942,008. and 
a multiplicity of prior art references. 

is Preform 101 is a preform employing the three-ply laminate of the present invention wherein outer ply 1 31 is a layer 

of a phenoxy-type thermoplastic, middle ply 141 is a layer of an amorphous copolyester and inner ply 151 is a layer of 
PET. But for the substitution of three plies for the two plies of preform 100, preform 101 is otherwise identical. Thus, the 
bottom and neck portions, shown at 115 and 125, respectively, are not laminated. As in the case of preform 100, the 
bottom portion 115 and the neck portion 125 of preform 101 are constructed entirely of the inner layer PET resin. Fur- 

20 thermore, one or more threads 1 25 may be provided to accommodate a cap. 

The outer layers 110 and 130 of laminate structures 6 and 7, respectively, as well as outer layers 111 and 131 of 
preforms 100 and 101 , respectively, may contain additives such as dyes, colorants, ultraviolet light absorbers, antistatic 
agents, dye receptors and the like to permit the inclusion of printing material and to provide protection for the contents 
in the preferred embodiment wherein the laminate is used in the formation of a bottle filled with a beverage, a food or 

25 the like. It is noted that the preforms 100 and 101 are designed such that only the inner layers of 121 and 151 of preforms 
100 and 101 actually contact the consumable material, and as suggested hereinabove, the inner layers remain free of 
additives. 

The preform, independent of the number of plies, is injection blow molded into a bottle by methods well known in 
the art. A typical bottle so formed is the bottle depicted in Figure 5 at 102. The bottle 102 includes a body portion 104 
30 of at least two plies, a bottom portion 103 and a neck portion 105. 

One process by which the laminate structures of the present invention are formed into preforms and, thereafter, 
into bottles is in accordance with the co-extrusion process described in the aforementioned U.S. Patent No. 4,942,008, 
incorporated herein by reference. Of course, the specific identity of the individual layers of the two- and three-ply laminate 
structures of the present invention are those described herein rather than the resins employed in U.S. Patent 4,942,008, 
35 with the exception that the inner PET layer in U.S. Patent 4,942,008 is identical to the laminate structures of the present 
invention. 

To summarize the co-extrusion process of U.S. Patent 4,942,008, as it applies to the formation of the two- and 
three-ply laminate structures of the subject invention, the first step involves the formation of a tube of a single ply, in the 
formation of the two-ply laminate, and a tubular laminate structure of an inner and outer ply, in the formation of the 
40 three-ply laminate. 

The product of this extrusion step, either a single ply tube, when a two ply preform is to be formed, or a two ply tube, 
in the case wherein a three-ply laminate is to be prepared, are both cut to a length, appropriate to the size constraints 
of an injection mold of the type depicted in U.S. Patent 4,942,008 at 26, to form a sleeve. Such a sleeve is illustrated 
by reference numeral 62 in U.S. Patent 4,942,008. 

45 In the embodiment wherein the co-extrusion process is practiced to produce a three ply laminate it is preferred that 

two or three extruders be utilized. A first extruder extrudes the phenoxy-type thermoplastic. A second extruder extrudes 
the amorphous copolyester. Finally, in an alternate embodiment, wherein used PET is included, as discussed below, a 
third extruder is employed to extrude molten recycle PET 

Each of the two or three streams are fed into a common annular die. The phenoxy-type thermoplastic is fed into 

50 the outer annular orifice of the die. The amorphous copolyester is fed into the inner orifice, in the case where two 
extruders are utilized, and into the middle orifice in the case of the use of three extruders. Finally, when recycled PET 
is utilized, it is always fed into the inner annular orifice of the die. 

The molten resins are processed at a temperature in the range of between about 400° F and about 550° F, more 
preferably, between about 450° F and about 500° F, under a pressure of between about 800 psi and about 4,000 psi. 

55 in the formation of the formation of the "two ply - laminate one or two extruders are utilized. In the case where no 

recycled or used PET is included, a single extruder feeding a composition of phenoxy-type thermoplastic and amorphous 
copolyester is used. When recycled PET is provided two extruders are present. Again, in the case of the use of two 
extruders, the molten products are fed into a single annular orifice wherein the composition stream is fed into the outer 
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annular orifice and the PET is fed into the inner annular orifice. The thermodynamic conditions under which these op- 
erations are conducted are the same as those employed in the operatbn used to form the three ply embodiment. 

It should be emphasized that the tube, from which the sleeve is cut, although preferably prepared by traditional 
extrusion means utilizing a circular die, may be prepared by other techniques known in the art. 

The so-described sleeve is disposed in an injection mold, generally denoted in the *008 patent by reference numeral 
26, and molten PET is injected therein through appropriate means such as a gate in the mold denoted in the "008 patent 
at 46. The product of this process step is a preform of either two or three plies depending upon whether the sleeve was 
one or two plies. 

The resultant preform is expanded to form bottles by methods well known in the art. Typically the preform is placed 
into a mold having the shape of the desired bottle, heated and expanded into a bottle having the shape of the mold. 

A second method to prepare the laminate, preform and bottle of the present invention involves the well known 
co-injection method. In this method the outer of the two or three-ply laminate is formed in a mold shaped in the form of 
the desired preform. This is accomplished by injecting a meft of the phenoxy-type thermoplastic, in the case of the 
three-ply laminate, or a melt of the composition of the phenoxy-type thermoplastic and the amorphous copolyester, in 
the formation of the two-ply laminate. The melt is allowed to cool to form a solid. Thereupon a melt of the plastic that is 
adjacent to the outer layer is introduced into the same mold. Thus, in the formation of a three-ply laminate, the second 
layer is an amorphous copolyester. When a two-ply laminate is formed the second molten plastic introduced is PET 

Independent of whether a two- or three-ply laminate is prepared, the product of the second injection step is cooled, 
and, in the case of the two-ply laminate embodiment, a preform is removed. In the case of a three-ply laminate embod- 
iment, after cooling the thus formed two-ply laminate, molten PET is injected into the mold. The cooled product of this 
step is a preform of three plies. This product is then removed from the mold. 

The preform product formed in accordance with the co-injection method is converted into a bottle by injection blow 
molding expansion as discussed above in the discussion of the co-extrusion method. 

As stated earlier, economic and ecological advantages are obtained in recycling used PET bottles. To that end used 
PET, primarily provided by ground up used PET beverage bottles, is melted and reformed as part of newly formed bottles. 

In the preferred embodiment wherein used PET is utilized in the co-extrusion process an additional ply is extruded 
into a tube, thereupon cut into a sleeve and then introduced into an injection mold. As a result, the single ply tube, which 
is formed into a two ply laminate in an injection mold, is, in this preferred embodiment, extruded into a two-ply tube, the 
outer ply being the composition of phenoxy-type thermoplastic and amorphous copolyester and the inner ply used PET 
In the formation of the three ply laminate the tube, cut into a sleeve, is now a three ply tube rather than a two-ply tube. 
The three ply tube constitutes an outer ply of a phenoxy-type thermoplastic, a middle ply of an amorphous copolyester 
and an inner ply of previously used PET. 

In the co-injection process the formation of the two- and three-ply laminates are identically prepared but for an 
additional step, the introduction of molten used PET before the final step of introducing molten virgin PET 

In both processes, the beverage or other foodstuff contacting the plastic bottle only contacts pure, virgin PET and 
thus presents no sanitary or health hazard. 

No drawings are provided to illustrate three- and four-ply embodiments, equivalent to the two- and three-ply em- 
bodiments, but for the inclusion of a layer of recycled PET Strictly speaking, the so-called recycled PET layers can be 
perceived as distinct from the virgin PET layer only insofar as the used PET layer may contain additives, adhesives and 
the like employed in previously made bottles. Because these additional materials are usually present in small concen- 
tration, the two plies that constitute the new and used PET layers, from the chemical point of view, are not distinct in the 
sense that they cannot be separated from each other. For this reason there is no detectible ply definition between the 
old and new PET layers. Moreover, between them to hold them together. To all intents and purposes, they constitute a 
single ply. 

The above embodiments are given to illustrate the scope and spirit of the present invention. These embodiments 
will make apparent, to those skilled in the art, other embodiments and examples. These other embodiments and exam- 
ples are within the contemplation of the present invention. Therefore, the present invention should be limited only by 
the appended claims. 



Claims 

1 . A laminate comprising a first layer of a phenoxy-type thermoplastic, a second layer of an amorphous thermoplastic 
copolyester and a third layer of polyethylene terephthalate. 

2. A laminate in accordance with Claim 1 wherein said phenoxy-type thermoplastic is selected from the group consisting 
of a poly(hydroxy ether), a poly(hydroxy ester ether) and a poly(hydroxy amino ether). 
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A laminate in accordance with Claim 2 wherein said phenoxy-type thermoplastic has the repeating structural unit 
{O- CH 2 - CHOH - CH 2 - R - CH 2 -CHOH - CH 2 - O- R 1 } I 

where R is 





A laminate in accordance with Claim 3 wherein said phenoxy-type thermoplastic is a poly(hydroxy amino ether) 
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-N- 
I 



and R 1 is 



CH a -CH a OH or / \ 



CH, CH, 



A laminate in accordance with Claim 4 wherein R is 

-N- 
I 

CH a -CH 2 OH. 

SXSZZSSSZSZE? ,hemo,,Mc s ^ es, * r " 

A laminate in accordance with Claim 7 wherein said phenoxy-type thermoplastic of said first layer is selected from 
the group cons.st.ng of a poly(hydroxy ether), a poly(hydroxy ester ether) ad a poly(hydroxy amino ether). 

A laminate in accordance with Claims wherein said phenoxy-type thermoplastic has the repeating structural unit 
{O- CH 2 - CHOH - CH 2 - R - CH 2 -CHOH - CH 2 - O - R 1 } 

where R is 




0— 



12 



EP 0 689 933 A2 




10. A laminate in accordance with Claim 9 wherein said phenoxy-type thermoplastic is a poly(hydroxy amino ether) 
wherein R is 

-M- 
I 

CH,-CH 2 OH 

or 



and R 1 is 




11. A laminate in accordance with Claim 10 wherein R is 
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-N- 
I 

CH a -CH a OH. 

12. A laminate in accordance with Claim 7 wherein said amorphous thermoplastic copolyester of said first layer is poly 
(1,4-cyclohexylenemethylene)terephthalate-co-isophthalate. 

13. An annular laminate comprising an outer layer of a phenoxy-type thermoplastic, an intermediate layer of an amor- 
phous thermoplastic copolyester and an inner layer of polyethylene terephthalata 

14. An annular laminate in accordance with Claim 13 wherein said phenoxy-type thermoplastic is selected from the 
group consisting of a poly(hydroxy ether), a poly(hydroxy ester ether) and a poly(hydroxy amino ether). 

15. An annular laminate in accordance with Claim 14 wherein said phenoxy-type thermoplastic has the repeatinq struc- 
. turalunit 



where R is 



{O - CH 2 - CHOH - CH 2 - R - CH 2 -CHOH - CH 2 - O - R 1 } 




o 



-ex ^ ^ o- 



XX XX 




— o — c— i: c 




-N- 



and R 1 is 



CH 2 -CH a OH or f\ u 



c 



XX XX. 



or 
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1 6. An annular laminate in accordance with Claim 1 5 wherein said phenoxy-type thermoplastic is a poly(hydroxy amino 
ether) wherein R is 

-M- 
CH 2 -CH,OH 



or 



and R 1 is 



17. An annular laminate in accordance with Claim 16 wherein R is 

-N- 
I 

CHjiCHaOH . 

18. An annular laminate in accordance with Claim 13 wherein said amorphous thermoplastic copolyester is poly 
(1,4-cyclohexylenemethylene)terephthalate-co-isophthalate. 

19. An annular laminate in accordance with Claim 17 wherein said amorphous thermoplastic copolyester is poly 
(1,4-cyclohexylenemethylene)terephthalate-co-isophthalate. 

20. An annular laminate comprising an outer layer of a composition ot a phenoxy-type thermoplastic and an amorphous 
thermoplastic copolyester and an inner layer of polyethylene terephthalate. 

21. An annular laminate in accordance with Claim 20 wherein said phenoxy-type thermoplastic of said outer layer is 
selected from the group consisting of a poly(hydroxy ether), a poly(hydroxy ester ether) and a poly(hydroxy amido 
ether). 

22. An annular laminate in accordance with Claim 21 wherein said phenoxy-type thermoplastic has the repeating struc- 
tural unit 



{O - CH 2 - CHOH - CH 2 - R - CH 2 -CHOH - CH 2 - O - R 1 } 



where R is 
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and R 1 is 
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10 24. An annular laminate in accordance with Claim 23 wherein R is 

-N~ 
CH 2 -CH a OH. 

15 

25. An annular laminate in accordance with Claim 20 wherein said amorphous thermoplastic copolyester is poly 
(1,4-cyclohexylenemethylene)terephthalate-co-isophthalate. 

26. A laminate in accordance with Claim 24 wherein said amorphous thermoplastic copolyester is poly(1 ,4-cyclohexy- 
20 lenemethylene)terephthalate-co-isophthalate. 

27. A preform which comprises said annular laminate of Claim 19. 

28. A preform which comprises said annular laminate of Claim 26. 

25 

29. A plastic bottle which comprises said annular laminate of Claim 1 9. 

30. A plastic bottle which comprises said annular laminate of Claim 26. 

30 
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FIG. I 




FIG. 3 



100 




18 



EP 0 689 933 A2 



FIG. 4 



101 





19 



